in which students wrote expressively about important personal values. This intervention resulted in both a remarkable 40% decrease in the Black-White grade-pointaverage (GPA) gap at a middle school in the northeastern United States (Cohen et al., 2006) and, subsequently, a decade of efforts to replicate and scale up the intervention (Cohen & Sherman, 2014; Harackiewicz & Priniski, 2018) . Self-affirmation interventions are believed to promote the academic performance of racially stigmatized students by short-circuiting a phenomenon known as stereotype threat, which occurs when individuals worry about confirming negative stereotypes regarding 784016P SSXXX10.1177/0956797618784016Borman et al.Self-Affirmation Effects research-article2018 a group to which they belong (Steele & Aronson, 1995) . Students affected by stereotype threat perform below expectations because of diminished cognitive resources brought on by a physical stress response, heightened vigilance regarding personal performance, and the need to suppress negative thoughts induced by the stereotype (Schmader, Johns, & Forbes, 2008) . Stereotype threat was first identified in African American students who underperformed on achievement tests when made cognizant of negative stereotypes about the academic capabilities of their racial group (Steele & Aronson, 1995) . It has since been confirmed by numerous additional studies suggesting that standard measures underestimate the true abilities of Black and Hispanic students by approximately one fifth of a standard deviation (Walton & Spencer, 2009 ).
Recent research suggests that self-affirmation reduces stress for stigmatized group members through perspective broadening (Critcher & Dunning, 2015) . By prompting students to write about primarily nonacademic values or attributes, self-affirmation exercises remind them that the overall self-concept consists of more than just the academic domain. In so doing, the intervention can broaden one's perspective beyond feeling like a negatively stereotyped student in school. When the threat is put into perspective, it decreases in prominence, and its effect on students' cognitive resources also decreases (Critcher & Dunning, 2015) . Consequently, the academic performance of stereotype-threatened students increases after a self-affirmation exercise (Cohen & Sherman, 2014) .
By fostering a less-stressful academic setting, a selfaffirmation exercise prior to an assignment or test allows stereotype-threatened students to perform up to their potential. When the exercises are given at targeted times during the school year, such as the first week of classes or the week prior to a high-stakes test (Cook, Purdie-Vaughns, Garcia, & Cohen, 2012) , then proximal improvements, such as a better grade or higher test score, can reinforce a more positive academic identity. When these quick wins accumulate, threatened students may develop an emerging narrative of personal adequacy (Cohen & Sherman, 2014) , teachers may begin to see students as more able , and eventually, students may even spontaneously recommit to their self-affirmations when faced with future threats (Brady et al., 2016) .
In these ways, the effects of a brief intervention can persist and build for months or even years (Cohen, Garcia, Purdie-Vaughns, Apfel, & Brzustoski, 2009; Goyer et al., 2017; Tibbetts et al., 2016) . In the absence of relief from stereotype threat, students may experience the opposite cycle, in which negative performances during crucial periods reinforce negative attitudes and expectations. The surprisingly large effect observed from self-affirmation interventions, as well as other types of wise interventions, has been attributed to diverging recursive cycles of positive and negative performance over time Harackiewicz & Priniski, 2018) .
This research raises several practical and theoretical questions about self-affirmation as a strategy to improve educational outcomes, especially if it were to be adopted widely. Indeed, some attempts to replicate the effects of a self-affirmation intervention in other settings have been unsuccessful (e.g., Bratter, Rowley, & Chukhray, 2016; Dee, 2015; Hanselman, Rozek, Grigg, & Borman, 2017; Protzko & Aronson, 2016) , and thus far, only the original research team has found long-term effects for secondary-school students (Goyer et al., 2017) . Heterogeneous impacts may reflect contextual variation in the benefits of self-affirming or the challenges of triggering the key psychological mechanism when implementation varies. Given these possible contingencies of self-affirmation effects, a pressing question concerns their long-term academic impact. Can positive recursive processes drive lasting benefits when implemented at scale, or do initial benefits fade out? Do benefits persist as students transition into new educational environments, and under what kinds of individual and social circumstances? Moreover, to the extent that students respond to the self-affirmation activity differently when implemented broadly, what are the consequences for the long-term effects of the theorized self-affirming writing?
The present study addressed these questions with new data from a randomized controlled trial of a selfaffirmation intervention implemented at scale in an entire urban school district in the midwestern United States. Prior research suggested that at the end of the first year of the trial, potentially stereotype-threatened Black and Hispanic students assigned to receive the self-affirmation exercises outperformed the control group in seventh and eighth grade (Borman, Grigg, & Hanselman, 2016; Hanselman et al., 2017) . Additional analyses suggest that the impact was larger for students in schools hypothesized to be high-threat contexts, where Black and Hispanic students had a lower numerical presence and academic standing (Hanselman, Bruch, Gamoran, & Borman, 2014) .
To begin, we investigated whether the initial impacts persisted across the transition to high school. Evidence of enduring effects in a new academic setting would suggest that the intervention impacted the students in a way that transcended their middle-school environment and that the intervention could lead to long-term changes in students' academic trajectories. Next, we examined whether potentially threatened students' educational contexts-the extent to which their middleschool setting had the hallmarks of a stereotype-threatening environment-moderated the long-term effect. Finally, we aimed to determine how the level of student engagement with the intervention, assessed by coding the degree to which students demonstrated self-affirming writing during the exercises, influenced the average treatment effect of the intervention. Given that not all students engaged with the self-affirmation exercises to the same extent, this would suggest that the estimated intent-to-treat effect understated the potential benefits for students who engaged in the theorized perspective broadening through self-affirming writing (the impact of the treatment on the treated, or TOT). Put simply, this research question gauged the impact for students who wrote in a self-affirmed way as encouraged by the exercises. Overall, these research questions allowed us to understand more about in which contexts, for whom, and for how long self-affirmation exercises effectively narrow achievement gaps in schools.
In summary, we had three research questions:
1. Do intervention effects on potentially stereotypethreatened seventh-grade students' GPAs persist through the end of ninth grade? 2. Does school context moderate the lasting effects of the intervention? Specifically, are impacts greater for stereotype-threatened students who initially receive the intervention in high-threat middle schools? 3. To what extent does self-affirming writing-as induced by the intervention-improve academic performance?
Method

Data and participants
The data analyzed here were derived from the Madison Writing and Achievement Project, which was designed to test, at scale, the self-affirmation intervention originally fielded by colleagues (2006, 2009) . The trial targeted all 1,648 seventh-grade students enrolled in the Madison, Wisconsin, school district, and as many students as possible were enrolled in the study. Parental consent and student assent were obtained for 1,048 students (64%). Analysis of this sample suggested it was representative of the population of seventh graders in the Madison Metropolitan School District . Within the 11 middle schools in the district, each of the seventh-grade students who gave consent was randomly assigned to the self-affirmation (treatment) condition or a control (comparison) condition. Analytically, students were considered members of the middle school they attended at the time of randomization, even if they left the school during or after the intervention. The sample was sufficient to reliably detect effect sizes (ds) as small as 0.154 among the subgroup of potentially threatened students (n = 324, α = .05, 1 -β = 0.90; Dong & Maynard, 2013) .
Missing data and attrition
We obtained complete district records, but some GPA data were missing for students who arrived to or transferred from the district during the study period. Cases with incomplete data were dropped, yielding a final sample of 920 (88% of students who consented). 1 There were similar rates of attrition for the self-affirmation and comparison conditions for both the full sample (treatment: 13%, control: 12%), χ 2 (1, N = 1,048) = 0.38, p = .54, and the subsample of potentially threatened Black and Hispanic students (treatment: 19%, control: 15%), χ 2 (1, N = 390) = 1.47, p = .23. In the subsample of potentially threatened students who attended a middle school with a high-threat context, the treatment and comparison conditions manifested somewhat greater, yet not statistically significant, differential attrition (treatment: 28%, control: 18%), χ 2 (1, N = 299) = 3.19, p = .07. Analyses of the demographic characteristics and prior achievement of these students suggest that the students in the self-affirmation and comparison conditions remained statistically equivalent after accounting for attrition (see Table S1 in the Supplemental Material available online).
Procedure
The intervention, as closely as possible, followed the procedures used by Cohen and colleagues (2006) in prior experiments. The seventh graders completed up to four writing exercises during the school year. The first two exercises were nearly identical to those used in prior self-affirmation interventions. Each 20-min exercise involved selecting two or three important personal values (e.g., being with friends or family, having a sense of humor, being good at art) from a list and then, in a few sentences, reflecting on why these values were important to the student. 2 The comparison exercise involved selecting two or three values the student found personally unimportant and reflecting on why those values might be important to someone else.
The first exercise was given close to the start of the school year just prior to fall benchmark standardized testing, and the second exercise was given in the late fall just before state achievement testing. The third and fourth exercises were given prior to periods of standardized testing in the winter and spring. Four of the 11 schools opted out of the third exercise because of scheduling challenges around the winter holiday; students in all of the schools had the opportunity to complete the first, second, and fourth exercises. As suggested by the original procedures used by Cohen et al. (2006) , the third and fourth exercises differed slightly from earlier exercises in order to diminish perceived repetitiveness and maintain student interest.
The research team trained the classroom teachers prior to proctoring the writing exercises to prepare them to deliver the intervention with fidelity. The intervention was described as a writing exercise, and proctoring teachers were informed that the experience should be stress free for the students. The intervention was not to be introduced as an assessment, a research study, or an activity that would be beneficial to students, as specified by self-affirmation theory (Cohen & Sherman, 2014) . Additionally, teachers were not told the purpose of the intervention, nor was there any mention of race or stereotype threat during their orientation. Despite these steps, implementation varied, and in year-end surveys completed by a subset of teachers, some reported describing the activities as beneficial or as research (Hanselman et al., 2017) . As a result, findings may reflect a conservative picture of the effects of the intervention. Nevertheless, imperfect implementation is an important component of our project: Could self-affirmation exercises remain effective, even when implemented at scale by trained teachers with limited oversight by the researchers?
Teachers administered the writing exercises to students in either a homeroom or language arts class as a free-writing exercise, similar to other activities completed during these classes. Students received personalized and self-contained three-or four-page writing packets in both experimental conditions (self-affirmation and comparison), which were nearly indistinguishable from one another. Because of these precautions, randomly assigned students were blind to their own and others' experimental condition, as were their teachers. However, unlike in some prior studies, researchers were not physically in the rooms during implementation, which, again, tested whether the intervention is robust enough to be adopted widely in schools.
Measures
Stereotype threat. Demographic and academic data were collected from the district's student records. The primary construct of interest for students was their potential vulnerability to stereotype threat. This was operationalized on the basis of the student's parent-reported racial/ethnic group membership. Students reported as Black or Hispanic were designated as potentially vulnerable to stereotype threat. Multiracial students were considered potentially vulnerable if they reported Black or Hispanic as part of their racial/ethnic identity. This approach was consistent with prior research that has shown no impact of self-affirmation for White and Asian students and positive, statistically significant impacts of similar magnitudes for Black (Cohen et al., 2006) and Hispanic (Sherman et al., 2013) students.
Covariates. We included pretreatment covariates known to predict GPA to increase the precision of impact estimates.
3 Demographic characteristics, school fixed effects, and a measure of prior achievement were included to improve the precision of the impact estimates. Binary indicator variables for gender, eligibility for free and reducedprice lunch (a proxy for socioeconomic status), special education status, and limited English proficiency were generated from the demographic data. Sixth-grade cumulative GPA, a continuous variable on a 4-point scale, measured prior achievement. (See Table S1 for the characteristics of the overall sample and of each experimental condition.)
Outcomes. The primary outcome of interest was the students' ninth-grade cumulative GPA (M = 2.92, SD = 1.02). We also examined the trajectory of students' GPAs across the 3-year postintervention span using a latent growth model. Our outcome variable for the latent growth model was the students' GPAs on report cards from the beginning of seventh grade through the end of ninth grade. Grades were reported in middle school by quarter and in high school by semester, yielding up to 10 GPAs for each student. All GPAs were calculated on a 4-point scale by converting letter grades in classes to their 4-point equivalent and weighting them by credits earned. When we report effect sizes for ninth-grade outcomes (d), we use the standard deviation of the full sample (1.02).
High-threat school context. Our second hypothesis required a measure of each middle school's threat context. We measured context in the year of the intervention to focus on the fundamental moderation processes related to the key immediate effects of the self-affirming exercises. School-threat context was operationalized as a binary variable, referred to as high-threat context, meant to signal that a school's environment was more conducive to the presence of stereotype threat (Hanselman et al., 2014) . Following previous research, we included two measures of school characteristics in this operationalization: the proportion of students in the school who were reported as Black or Hispanic and an index of the standardized test performance of Black and Hispanic students relative to their White and Asian peers. These measures were normalized and averaged to create a combined measure of a school's vulnerability to stereotype threat. After finding the mean vulnerability to stereotype threat among the 11 middle schools in the district, the 7 schools greater than the mean were coded as having high-threat context. Students were considered to have attended a high-threat middle school if they did so at the beginning of seventh grade when their data were captured for the experiment.
Coding the writing exercises for self-affirming writing. Our third hypothesis, concerning the effect of students engaging in self-affirming writing during the exercises, required a measure of this particular type of student engagement. We operationalized self-affirming writing as a binary indicator of the combination of two necessary components: (a) The student selected a value from the list, and (b) the student affirmed a value (i.e., wrote about it being important, for example, because the student enjoyed it or was good at it). Trained coders determined whether students selected a value from the list on the basis of whether their written responses mentioned one of the intervention's listed values. Students were then coded as having affirmed a value if the coder determined that the written responses discussed a value in terms of its importance to them (e.g., using "like," "love," "care about," "good at," "best at"). This allowed us to detect whether students in the comparison condition spontaneously self-affirmed in response to the prompt. The coding scheme for these variables was initially generated on the basis of self-affirmation theory as part of a content analysis of a random subsample of the responses and refined during a round of pilot coding.
5 Using the final coding scheme, two trained coders then rated each exercise; these coders were blind to experimental condition, exercise prompt, and the other coder's ratings. A third coder adjudicated all cases of disagreement. Coder agreement was substantial for the self-affirmation construct, κ = 0.75, N = 3,592, p 0 = .88, according to guidelines for interrater reliability (Landis & Koch, 1977) . 6 For each student, all four exercises were independently coded for self-affirming writing. Because the possible recursive benefits of self-affirmation are contingent on timely intervention, and there is currently limited empirical evidence that acts of self-affirmation accumulate (Cook et al., 2012) , we considered a student to have engaged in self-affirming writing if he or she were coded as doing so on both the first and second exercises. By this definition, 76% of potentially threatened students in the self-affirmation condition and 2% in the comparison condition consistently demonstrated self-affirming writing. These rates were similar for potentially threatened students within high-threat school contexts.
Results
Hypothesis 1: do intervention effects persist across the transition to high school?
To test whether the impact of the intervention persisted through the end of ninth grade, we estimated a multilevel growth model (Muthén, 1997; Raudenbush & Bryk, 2002) for all students in the sample: The outcome variable, GPA ti , represents the GPA of student i at time t, where time is measured in years prior to the end of ninth grade (t = 0 is the end of ninth grade) so that main effects in the model for treatment and potentially threatened students represent differences at the end of the time period. The impact of the intervention on end-of-year ninth-grade GPA for students not subject to stereotype threat is the coefficient b 01 . The additional impact for potentially threatened students is the coefficient b 03 . We expected the estimate for b 01 to be null and the estimate for b 03 to be positive, indicating that benefits for theoretically affected students persisted through the end of ninth grade. Beyond end-of-ninth-grade predictions, the growth model allowed us to further examine how postintervention student GPAs changed over time. The coefficient b 10 represents the overall trend in postintervention student GPA for nonthreatened comparison students, and the coefficient b 12 is the difference in this trend for potentially threatened comparison students. We expected the estimates for these coefficients to both be negative, representing a downward trend in GPA during this transition period overall and a steeper decline for potentially threatened students. The extent to which the intervention's effect on academic trajectory was stronger for threatened students is reflected by the coefficient b 13 . A positive value for this coefficient would indicate that the intervention improved the academic trajectories of potentially threatened students, relative to similar students in the comparison condition. Finally, student covariates (i.e., sixth-grade GPA, gender, eligibility for free and reduced-price lunch, special education status, limited English proficiency, and indicator variables for schools), represented by the expression bX i , were included to increase the precision of the impact estimates by accounting for more variance in the outcome variable.
The impact of the intervention for potentially threatened students persisted through the end of ninth grade, Table 1 and unadjusted GPA over time is shown in Figure 1 .
As a check of the robustness of our growth model, we also considered alternate specifications of GPA trajectories. In addition to the simple linear model presented above, a linear model including grade intercepts, a linear model including grade intercepts and yearly slopes, and a quadratic model were tested. Results are summarized by predicted values from each model (Fig.  2) . The more flexible specifications highlight notable aspects of GPA trends over time: Students tend to experience a decline throughout seventh grade, an uptick at the start of eighth grade, declines throughout that year, and a large drop after the transition to high school. However, the preponderance of evidence from these additional analyses supports the key conclusions across all models. Potentially threatened students fared worse in ninth grade than their nonthreatened peers, but assignment to the self-affirmation condition reduced this discrepancy by narrowing the growing differences between threatened and nonthreatened students.
Hypothesis 2: does school context moderate lasting intervention effects?
To test whether the ninth-grade impact of the intervention was greater for students who attended a middle school with a high-threat context, we estimated a second multilevel growth model. We focused on only the population of Black and Hispanic students in the sample for simplicity of presentation and because intervention effects were restricted to this student subgroup: This is a similar model to that used in the analysis for our first hypothesis. However, the threatened i variable, including its interactions, was replaced with the high-threat i variable, because all students analyzed here were potentially threatened students. We were now interested in the interaction between the treatment and a high-threat school context. The outcome variable and covariates are the same as those described in our first hypothesis. The impact of the intervention on end-ofyear ninth-grade GPA for potentially threatened students not in high-threat contexts is the coefficient b 01 . We expected that the estimate for this coefficient would be positive, indicating that all Black and Hispanic students benefited from the intervention, even if they were not in a high-threat school context. The coefficient β 03 is the additional impact of treatment for potentially threatened students in high-threat school contexts. We expected this estimate to be positive as well, indicating that potentially threatened students in high-threat school contexts benefited to a greater extent from the intervention than their potentially threatened peers in low-threat contexts. The results suggest that school context strongly moderated the impact of the self-affirmation intervention. The estimated impact at the end of ninth grade for potentially threatened students who were not in high-threat contexts was positive but not statistically significant, Table 2 .
Hypothesis 3: to what extent does engaging in self-affirming writingas induced by the interventionpredict academic performance?
We estimated the impact of self-affirming writing on the cumulative ninth-grade GPA of potentially threatened students using an instrumental-variables model. Instrumentalvariables methods can be used with experimental data to produce unbiased causal estimates of impacts for endogenous predictors (Angrist, Imbens, & Rubin, 1996) . Selfaffirming writing is endogenous, as factors that influence a student's writing, such as his or her inclination to follow instructions or tendency to spontaneously selfaffirm, may also contribute to that student's academic performance. By using the randomized treatment condition as an instrument for self-affirmation, however, we can carve out a portion of the variation in self-affirming writing that is exogenous. By assuming that the intervention impacts student outcomes exclusively via selfaffirming writing (and, by the same token, that students who did not engage in self-affirming writing were unaffected by the intervention), this analysis provides a causal estimate of the impact of the treatment for students who activated the planned psychological mechanism (i.e., self-affirming writing) as a result of the intervention. Specifically, the estimate corresponds to a causal contrast between the treatment students who engaged in self-affirming writing as a result of assignment to the intervention and those comparison students who would have self-affirmed had they been assigned to the treatment condition. Since there is no reason to believe that a brief writing exercise would have a longterm impact on a student's GPA outside of the planned psychological mechanism, this method appropriately tests the third hypothesis.
To perform this analysis, we estimated the following models using two-stage least squares regressions for 
In a two-stage least squares instrumental-variables regression, the endogenous explanatory variable (i.e., self-affirming writing) was regressed on the instrumental variable (i.e., treatment assignment) in the first stage. The predicted values of the endogenous variable from the first stage were then used in place of the actual values to predict the outcome variable (i.e., GPA 9th , the ninth-grade cumulative GPA) in the second stage, since these predicted values are exogenous. The model in the second stage addressed our third hypothesis. The coefficient β 1 is the average treatment effect of selfaffirming writing induced by the intervention on the cumulative ninth-grade GPA of potentially threatened students; that is, the effect of the TOT. This estimate represents both the effect of self-affirming writing for those who engaged in it as well as the difference from those who did not produce self-affirming writing. The covariates were included in both stages of the instrumental-variables regression, as before, to improve precision.
The simple treatment effect for all potentially threatened students at the end of ninth grade, b = 0.186, 95% CI = [0.015, 0.358], t(324) = 2.13, p = .033; d = 0.182 was comparable in magnitude with the result for Hypothesis 1. The effect of self-affirming writing for potentially threatened students was statistically significant, b 1 = 0.252, 95% CI = [0.040, 0.464], t(324) = 2.33, p = .020; d = 0.247. 7 The same was true for students who exhibited self-affirming writing in high-threat school contexts, b 1 = 0.382, 95% CI = [0.077, 0.688], t(177) = 2.45, p = .014; d = 0.375. These results suggest that there were substantial performance benefits for students who engaged in self-affirming writing as a result of receiving the self-affirmation intervention. The full model estimates are presented in Table 3 . 8 
Discussion
The present study demonstrated that the impact of a self-affirmation intervention can persist through the transition to high school. Black and Hispanic students in the treatment group benefited from the intervention beyond their middle-school experiences such that they now are on different academic trajectories from their untreated peers (see Fig. 2 ). Furthermore, this is the first replication of long-term effects of self-affirmation for secondary-school students by an independent research team and the first demonstration of these longterm effects at scale.
Throughout this crucial transition period from middle school to early high school, the racial-achievement gap observed in our study widened on average by 0.12 GPA points per year, conditional on covariates. Self-affirmation reduced this growth by one third to 0.08 GPA points per year, which through the end of ninth grade resulted in a 50% reduction of the residual racial-achievement gap. This is a substantial reduction in the residual racialachievement gap that is posited to stem from identitythreat processes (Steele, 1997) , and it also corresponds to a practically meaningful 18% reduction in the raw gap in ninth grade GPA, from 1.1 to 0.9 points. Further research is needed to determine whether improved academic trajectories and narrowed GPA achievement gaps can be maintained throughout high school and, then, whether these changes also persist across the next transition into postsecondary education (a long-term followup of the initial self-affirmation study by Goyer et al., 2017 , suggests that this may be the case).
Furthermore, the present study assessed how contextual and individual factors might help explain Note: The table shows unstandardized regression coefficients (standard errors are given in parentheses). All models include covariates that are not shown here but can be found in Table S4 in the Supplemental Material. Models 1 and 2 are multilevel models, and Models 3 and 4 include school fixed effects. IV = instrumental variables. *p < .05.
heterogeneity in self-affirmation effects. With respect to context, the intervention primarily impacted Black and Hispanic students who attended middle schools where they were a small minority and had lower academic standing. These conditions were likely prone to producing stereotype threat among students (Borman & Pyne, 2016) . Additionally, we found that the nearly three quarters of Black and Hispanic students who received the intervention and completed it as intended reaped substantial benefits from the intervention, suggesting that how students engage with the intervention matters, as well as school context. Accounting for both context and engagement with the intervention, treated students in high-threat contexts who self-affirmed in their writing-the TOT impact-experienced effects that were equal to or greater than those reported in the original published research by Cohen et al. (2009; see Fig. 3 ). These three key findings suggest that long-term benefits from self-affirmation depend on local conditions (i.e., high-threat school contexts) and individual responses (i.e., self-affirming writing responses due to the prompts), both of which are likely to vary if these strategies are implemented widely. The initial field trials of self-affirmation interventions necessarily took place in a few schools with more highly involved researchers (Cohen et al., 2006) , potentially preserving uniformly high fidelity. Scale-up studies, such as this one, are critical for assessing and examining potential factors that affect treatment efficacy, both for policymakers who need to know where and for whom wise interventions work and for the advancement of theory through field tests of lab-discovered moderators.
This study sheds light on how self-affirmation interventions might function in real-world settings. Black and Hispanic students may vary in their exposure to stereotype threat, and students who might benefit from the exercises may not engage as expected. However, these results also suggest that greater understanding of who most needs the intervention and how to encourage a sufficient level of engagement can increase the effectiveness of self-affirmation interventions. Notwithstanding the need to refine how we target and deploy interventions, our study also adds to the burgeoning evidence that brief self-affirmation exercises, which can be substituted into a curriculum at almost no cost, can have substantial effects for certain students in particular school contexts. Consequently, they should be considered by local school administrators as part of a strategy to address racial-achievement gaps, and future research should continue to refine the growing intervention science in psychology.
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